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Abstract

Objective—Elevated inflammation has been repeatedly observed in posttraumatic stress disorder
(PTSD), and it may drive the development of both psychiatric symptoms and physical
comorbidities. However, it is not clear if elevated inflammation is a feature of both remitted and
current PTSD, and little is known about relationships between specific clusters of PTSD
symptoms and inflammation. Exaggerated threat sensitivity, as indexed by threat reactivity and
avoidance of perceived threats, may be particularly closely associated with inflammation.

Methods—We assessed PTSD symptoms and threat sensitivity using the Clinician Administered
PTSD Scale in 735 Veterans Affairs patients (35% current PTSD; 16% remitted PTSD) who
participated in the Mind Your Heart Study (mean age = 59+11; 94% male). High sensitivity C-
reactive protein (hsCRP), white blood cell count (WBC), and fibrinogen were used as indices of
inflammation. Analysis of covariance models with planned contrasts were used to examine
differences in inflammation by PTSD status, adjusting for age, sex, race, kidney function and
socioeconomic status.

Results—Individuals with current PTSD had significantly higher hsCRP and WBC than patients
with no history of PTSD, but there were no significant differences in inflammatory markers
between those with remitted versus no history of PTSD. Within patients with current PTSD,
higher threat reactivity was independently associated with higher hsCRP (p = .16, p = .01) and
WABC count (B = .24, <.001), and higher effortful avoidance was associated with higher fibrinogen
(p=.13,p=.04).

Address correspondence to: Aoife O’Donovan, PhD, San Francisco Veterans Affairs Medical Center, 4150 Clement Street, 116-C, San
Francisco, CA 94121 Tel: 415-221-4810, x4959, Aoife.ODonovan@ucsf.edu.

These authors contributed equally to this manuscript.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

O’Donovan et al.

Page 2

Conclusion—Our data indicate that elevated inflammation may be a feature of current, but not
remitted, PTSD. Within patients with PTSD, higher threat reactivity was also associated with
elevated inflammation. A better understanding of the relationship between threat sensitivity and
inflammation may inform interventions for patients with PTSD.

Keywords

avoidance; C-reactive protein; fibrinogen; inflammation; posttraumatic stress disorder; threat
reactivity; threat sensitivity; trauma; veterans; white blood cell count

Posttraumatic stress disorder (PTSD) is a common and disabling disorder that affects
approximately 7-10% of the general population and 10-30% of military veterans
(Boscarino, 2006; Dohrenwend et al., 2007; Seal et al., 2008). Increased systemic
inflammation may contribute to PTSD-related increased risk for chronic physical diseases,
including cardiovascular (Cohen et al., 2009a), neurodegenerative (Yaffe et al., 2010), and
autoimmune disorders (Boscarino, 2004; Boscarino et al., 2010; O’Donovan et al., 2015b).
Accumulating evidence indicates that inflammation may also provoke psychiatric symptoms
seen in PTSD (Dantzer et al., 2008; Raison et al., 2013; Slavich and Irwin, 2014). In line
with this hypothesis, several studies have reported that PTSD is associated with elevated
inflammation. A better understanding of the association between PTSD and inflammation
could lead to the development of novel therapies to improve mental and physical health in
trauma-exposed individuals.

Multiple studies have found that individuals with current PTSD display elevated levels of
systemic inflammatory markers, including C-reactive protein (CRP), white blood cell count
(WBC), and fibrinogen (Boscarino and Chang, 1999; Heath et al., 2013; Hoge et al., 2009;
Plantinga et al., 2013; Spitzer et al., 2010; Vaccarino et al., 2010; Vidovic et al., 2010;
Vidovic et al., 2007; von Kanel et al., 2006; von Kanel et al., 2007). Several lines of
evidence suggest that the observed relationship between PTSD and inflammation could be
bidirectional. First, traumatic stress exposure itself as well as PTSD symptoms could
promote inflammation via the stress response. Studies have demonstrated that inflammation
is increased chronically in individuals exposed to traumatic stress and acutely in response to
standardized psychosocial stressors (Black, 2002; Cohen et al., 2007; Danese et al., 2007,
Dekaris et al., 1993; O’Donovan et al., 2012; Steptoe et al., 2007). Second, inflammation
may be causally involved in the development of PTSD symptoms. Animal models and
experimental human studies demonstrate that inflammatory activity can evoke symptoms
analogous to some of the core symptoms of PTSD (Chen et al., 2013; Dantzer et al., 2008;
Engler et al., 2011; Inagaki et al., 2012; Raison et al., 2013). There is also some evidence
that elevated inflammation, as indexed by higher levels of the inflammatory marker C-
reactive protein (CRP), increases risk for the development of PTSD following trauma
exposure (Eraly et al., 2014).

To date, most research examining the relationship between PTSD and inflammation have
compared individuals with current PTSD to those without current PTSD. Less attention has
been paid to examining inflammation in those with a past history of PTSD that has gone into
remission. Among the small studies that have examined inflammation in those with remitted
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PTSD, one indicated lower levels of some inflammatory markers in individuals with
remitted compared to no history of PTSD (Kawamura et al., 2001), and one indicated that
individuals with remitted PTSD had levels of inflammatory markers similar to those of
controls and significantly lower than those of individuals with current PTSD (Gill et al.,
2013). Thus, it remains unclear if elevated inflammation is a correlate of current PTSD
symptomatology or a stable factor indexing either vulnerability to develop PTSD or a
lingering consequence of PTSD.

Although most studies have observed elevated inflammation in PTSD, there are some
notable exceptions finding either similar or even lower levels of inflammatory proteins in
individuals with current PTSD compared to healthy controls (O’Donovan et al., 2015a;
Sondergaard et al., 2004; von Kanel et al., 2010). These inconsistent findings in the literature
may be because PTSD is a heterogeneous disorder and elevated inflammation is likely to be
present in only a subset of patients with PTSD. For example, evidence from studies with
small sample sizes indicates that some categories of PTSD symptoms may be more strongly
associated with elevated inflammation than others, though results have been mixed (Ironson
et al., 1997; von Kanel et al., 2006). In general, these studies have used standard re-
experiencing, avoidance, and hyperarousal clusters of symptoms from the Diagnostic and
Statistical Manual-1V to classify PTSD symptoms (APA, 2000). While these categorizations
are highly useful in the clinical setting, they may be less useful in the effort to uncover the
underlying biological basis of specific domains of dysfunction because symptoms in a single
category may not arise from a common underlying pattern of dysfunction (Insel et al., 2010).
Among the various domains identified in the National Institute of Mental Health’s Research
Domain Criteria (RDoC), threat sensitivity is particularly important in the context of the
relationship between PTSD and inflammation. Patients with PTSD differ in their levels of
threat sensitivity, and both threat reactivity and avoidance have been linked with elevated
inflammation in clinical and animal research studies (Chen et al., 2013; Engler et al., 2011;
Inagaki et al., 2012; Michopoulos et al., 2015). However, little is known about the
relationship between threat sensitivity and inflammation in individuals with PTSD.

In the present study, we assessed inflammation as indexed by hsCRP, WBC, and fibrinogen
in a large sample of Veterans Affairs (VA) patients with current, remitted, or no history of
PTSD. To our knowledge, our sample of 735 patients is the first to include large numbers of
patients with both current and remitted PTSD in a single study. In addition, we explored
associations of these inflammatory markers with threat reactivity and avoidance in
individuals with current PTSD. No prior studies have attempted to examine if PTSD
symptoms specifically related to threat sensitivity are associated with inflammation. Given
that adverse health behaviors may play a key role in the relationship between PTSD and
inflammation (O’Connor and Irwin, 2010; Spoormaker and Montgomery, 2008; Talbot et al.,
2013; Zen et al., 2012), we also examined BMI, smoking, physical inactivity, sleep quality,
and alcohol use as potential contributors to the association of PTSD and threat sensitivity
with inflammation. We hypothesized that current, but not remitted PTSD would be
associated with elevated inflammation, and that exaggerated threat reactivity and avoidance
would be associated with elevated levels of inflammatory markers in individuals with current
PTSD.
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Methods

Participants

The Mind Your Heart Study is a prospective cohort study designed to examine the effects of
PTSD on health outcomes in VA patients. Between February 2008 and June 2010, data were
gathered from adult patients recruited from outpatient clinics affiliated with two Bay Area
Departments of VA Medical Centers: the San Francisco VA Medical Center and the VA Palo
Alto Health Care System, California. Patients who planned on leaving the area within three
years or who did not have stable mailing or contact information for follow-up were excluded
during the recruitment process. Because the study involved an exercise treadmill test (see
Turner et al., 2013 for details), potential participants were also excluded if they had a
myocardial infarction in the prior six months or if they were unable to walk one block. If
participants reported symptoms of acute illness, their appointment was rescheduled.
Targeted mailings were used to oversample for people with current and remitted PTSD.
Overall, 1020 patients were recruited and assessed for eligibility. Of these, 104 were
ineligible and 170 were eligible but did not complete enrollment, leaving 746 patients who
enrolled in the study. Eleven patients were excluded from the present analyses because they
did not have complete data on their PTSD assessments or because the supervising
psychologist had concerns regarding the accuracy of their PTSD diagnoses. Thus, the
sample for the present study includes 735 VA patients. The study was approved by the
Committee on Human Research at the University of California, San Francisco, and all
participants provided written informed consent.

Psychiatric Diagnoses

The Clinician-Administered PTSD Scale (CAPS), a structured interview measure that
corresponds to DSM-1V criteria for PTSD, was used to assess PTSD symptoms. The CAPS
has excellent convergent and discriminant validity, diagnostic utility and inter-item and inter-
rater reliability and is highly sensitive to clinical change, based on a review of over 200
studies (Weathers et al., 2001). Interviewers assessed symptoms experienced in the previous
month for current PTSD, and symptoms experienced during the worst episode associated
with the subject’s self-identified worst traumatic event for lifetime PTSD. We used the
standard DSM-1V scoring rule to determine symptom positivity, requiring a score of at least
1 for frequency and 2 for intensity (Weathers et al., 2001). In addition to full PTSD, we
assessed partial PTSD, which has been associated with significant impairment in health and
functioning (Marshall et al., 2001; Sayer et al., 2010). Though there are multiple definitions
of partial PTSD, we chose a conservative definition: meeting criteria for the re-experiencing
symptom cluster and either the avoidance or hyperarousal symptom cluster (Blanchard et al.,
1994) as well as all other CAPS criteria. We also required this group to have a total CAPS
score of 240, which is defined by the authors of the CAPS as moderate or threshold PTSD
(Weathers et al., 2001). Twenty-eight participants in this study met these criteria for partial
PTSD; similar to prior analyses, they were combined with participants with full PTSD in our
analyses (Cohen et al., 2013; Turner et al., 2013; Wingenfeld et al., 2015). All diagnoses
were made by trained clinical interviewers who calibrated their assessments at weekly case
consensus meetings, supervised by an experienced PhD-level clinical psychologist.

Brain Behav Immun. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

O’Donovan et al.

Page 5

To assess comorbid psychiatric diagnoses, we used the depression and anxiety modules of
the World Health Organization CIDI Computer Assisted Personal Interview (\Version
21.1.1), which generated diagnoses based on DSM-1V criteria for major depressive disorder
(MDD) and generalized anxiety disorder (GAD).

Inflammatory Markers

Morning fasting venous blood samples were drawn from participants to measure levels of
inflammatory biomarkers. High sensitivity C-reactive protein (hsCRP) was measured using a
BN Il nephelometer (Seimens Health Care Diagnostics, Tarrytown, New York) with
interassay coefficients of variation < 5%. White blood cell (WBC) count, measured as the
number of WBC/volume of blood, was determined using the Beckman Coulter LH 750
analyzer (Beckman Coulter, Inc., California) with an interassay coefficient of variation <
2%. Fibrinogen levels were determined from plasma and serum samples. Serum fibrinogen
concentrations were obtained by the Clauss assay with coefficients of variation < 3%.
Dilutions of the plasma standard (of known concentrations) were clotted with a high
concentration of thrombin, with the resultant clotting time being proportional to the
fibrinogen concentration. The clotting time of the participant’s plasma was used to read the
fibrinogen concentration from the standard curve. The standard assay range is from 60 to
10,000 mg/dL and the interassay and intraassay coefficient of variation were both < 3%.

Threat Sensitivity

Covariates

Based on a published model of threat sensitivity (O’Donovan et al., 2013), we created
measures of threat reactivity and threat avoidance using four items from the CAPS to index
threat reactivity and two to index threat avoidance. For threat reactivity, we included
psychological and physiological reactivity to triggers (B4 and B5), conceptualizing triggers
as perceived threats, as well as hypervigilance (D4) and startle (D5). For threat avoidance,
we included only effortful avoidance symptoms related to avoidance of external and internal
trauma reminders, also conceptualizing reminders as perceived threats (C1 and C2). Based
on the validated scoring system for the CAPS, we added together intensity and frequency
scores for each individual CAPS item and then created a total scores for threat reactivity and
avoidance by adding together the total scores for each of the included items.

Self-report questionnaires were administered to all patients to assess medical history and
demographic information, including age, sex, ethnicity, income, and education (Whooley et
al., 2008). Because impaired kidney function has been associated with systemic
inflammation, such as elevated C-reactive protein (Abraham et al., 2009; Ix et al., 2003;
Stuveling et al., 2003), kidney dysfunction was assessed by estimated glomerular filtration
rate (eGFR). This was calculated from serum creatinine levels obtained through fasting
morning venous blood samples using the Modification of Diet in Rental Disease (MDRD)
equation.

Standard questionnaires were used to assess health behaviors, including current tobacco and
alcohol use, physical activity, and sleep quality (Cohen et al., 2009b). Participants were
asked to indicate on a 6-point Likert Scale how often they engaged in vigorous activity for at
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least 15-20 minutes at a time: not at all, a little (1-2 times a month), fairly (3—4 times per
month), quite (1-2 times a week), very (3—4 times a week), or extremely (5 or more times a
week). The variable was then dichotomized, so that physical inactivity was defined as being
not at all or a little active. Self-report has been shown to be a reliable, valid, and accurate
method of assessing physical activity with single-response items, in particular, having
demonstrated excellent construct validity (Aadahl et al., 2007; Ainsworth et al., 1993;
Bowles et al., 2004; Jackson et al., 2007; Kurtze et al., 2008). Participants self-rated their
overall sleep quality in the prior month, using a 5-point Likert Scale from very bad to very
good, with ratings of very or fairly bad being coded as poor sleep quality. The Alcohol Use
Disorders Identification Test-consumption questions (AUDIT-C) was used to identify
possible problematic alcohol use, using the recommended cutoff scores of 3 for women and
4 for men (Bradley et al., 1998; Bush et al., 1998). BMI was assessed by a trained
technician. Self-reported use of immunosuppressant or steroid medication was recorded and
then verified by chart review.

Statistical Analyses

Results

Differences in sample characteristics among patients with current PTSD, remitted PTSD,
and no PTSD were estimated using analysis of variance (ANOVA) for continuous variables
and chi-square tests for dichotomous variables (see Table 1). Analysis of covariance
(ANCOVA) models with follow-up planned contrasts were used to test for differences in
levels of inflammatory markers across the current, remitted, and never PTSD groups with
adjustment for covariates. Hierarchical linear regression was then used to evaluate
associations of overall PTSD severity, threat reactivity, and avoidance with inflammatory
markers among patients with current PTSD. All models were adjusted for age, sex, race,
education, income, and kidney function. We also examined the potential role of health
behaviors by including them as covariates if they were associated with inflammatory
markers at p < .10 in Student’s t-tests or Pearson’s correlations in the full sample. We did
not adjust for comorbid psychiatric conditions, such as depression and anxiety, because their
symptoms overlap with PTSD symptoms and therefore their presence can act as a marker of
PTSD severity. In addition, we conducted sensitivity analyses excluding individuals with
hsCRP levels greater than 10 mg/L and use of immunosuppressant and steroid medications
to test whether these individuals impacted our pattern of results. For all analyses, hsCRP,
WBC count, and fibrinogen were log-transformed to produce a more normal distribution. All
statistical analyses were performed with SPSS 23.0.

Sample Characteristics

Of the 735 patients analyzed, 257 (35.0%) had current PTSD, 115 (15.6%) had remitted
PTSD, and 363 (49.4%) had no PTSD (Table 1). The groups differed on most study
variables, including sociodemographic, co-morbidities, and health behaviors.

PTSD and Inflammation

In unadjusted analyses, there were significant differences among the three PTSD groups in
levels of hsCRP [F(2,725) = 5.46, p = .004], WBC [F(2,728) = 3.71, p = .03], and fibrinogen
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[F(2,728) = 3.24, p = .04]. Follow-up planned comparisons indicated that those with current
PTSD had higher levels of hsCRP (Estimate = -.306, SE =.094, p = .001) and WBC count
(Estimate = -.065, SE = .024, p =.008), but not fibrinogen (Estimate = -.027, SE = .017, p
=.11), compared to those with no PTSD. There were no significant group differences in
inflammation between individuals with remitted versus no history of PTSD (Figure 1). In
models adjusted for age, sex, race, education, income, and kidney function, group
differences remained significant for hsCRP [F(2, 700) = 2.95, p = .05] and WBC count [F(2,
705) = 3.00, p = .05], but differences in levels of fibrinogen became nonsignificant
([F(2,705) = 1.99, p = .14]. Adjusted follow-up planned comparisons showed the same
pattern of results, with higher hsCRP and WBC count in current PTSD compared to no
PTSD (Estimate = —.227, SE = .097, p = .02; Estimate = -.060, SE = .025, p = .02), and no
other significant group differences.

The following behaviors had at least a trend-level relationship (p < .10) with inflammatory
markers in the full sample and were included as potential contributors to the relationship
between PTSD status and inflammation: BMI, smoking, physical inactivity, and poor sleep
for hsCRP; and BMI, smoking, alcohol use, physical inactivity, and poor sleep for WBC
count. After adjustment for potential mediators, PTSD group status was no longer
significantly associated with the inflammatory markers, indicating that health behaviors may
play a role in the relationship between current PTSD status and inflammatory markers.

PTSD Severity and Inflammation

Finally, we examined if current PTSD severity as indexed by total CAPS score was
associated with inflammatory activity within individuals with current PTSD. In unadjusted
analyses, higher severity of PTSD was associated with higher levels of WBC (B = .16, p =.
01) and fibrinogen g = .11, p = .05), but not higher levels of hsCRP (p = .05, p = .44).
Adjusted analyses demonstrated a similar pattern, with higher severity of PTSD associated
with higher levels of WBC (p = .18, p = .005) and fibrinogen (p = .15, p = .02), but not
higher levels of hsCRP (B = .08, p = .21). In contrast with our group effect, adjusting for
health behaviors did not change this general pattern of findings (WBC: p = .18, p = .004;
fibrinogen: B = .12, p = .06; hsCRP p = .03, p = .66).

Threat Sensitivity

Mean scores were 16.65 (SD = 6.21, range 0 — 31) on the threat reactivity measure and 9.01
(SD = 3.69, range 0 —16) on the avoidance measure in our sample of participants with
current PTSD. Scores on our two threat sensitivity measures, threat reactivity and avoidance,
were positively and significantly correlated amongst those with current PTSD (r =.34,p <.
001). Avoidance was positively and significantly correlated with Criterion B (r =.34,p <.
001), Criterion C (r = .60, p < .001), and Criterion D (r = .28, p < .001), as well as with the
total CAPS severity score (r = .53). Threat reactivity was more highly correlated with CAPS
scores, showing the following associations with Criterion B (r = .69, p <.001), Criterion C (r
= .44, p <.001), Criterion D (r = .72, p <.001), and the total CAPS severity score (r =.77, p
<.001). Although these represent relatively strong correlations between threat reactivity,
avoidance and the subscale scores, which would be expected given the overlap in items, the
amount of variance shared varies from a low of 8% (avoidance and Criterion D) to a high of
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52% (threat reactivity and Criterion D) between our scales and the traditional subscales of
the CAPS. Thus, despite strong associations among these variables, they appear distinct
from one another.

Threat Sensitivity and Inflammation

To examine whether threat reactivity and avoidance were associated with levels of
inflammatory markers among patients with current PTSD, we conducted hierarchical linear
regression models in patients with current PTSD only. Results of unadjusted and adjusted
models are displayed in Table 2. Results indicated that higher threat reactivity was
associated with significantly elevated levels of hsCRP (B = .16, p = .01) and WBC count (8
= .24, <.001), and with trend-level elevated levels of fibrinogen (B = .11, p = .07),
independent of age, sex, race, education, income, and kidney function. Furthermore, greater
severity of avoidance was associated with elevated levels of fibrinogen (p = .18, p = .04), but
not hsCRP or WBC, independent of age, sex, race, education, income, and kidney function.

We repeated our analyses controlling for health behaviors associated with each inflammatory
marker at p <.10. Health behaviors used in these adjustments included: BMI, smoking,
physical activity, and sleep for hsCRP; BMI, smoking, alcohol, physical activity, and sleep
for WBC count; and smoking, BMI, and activity for fibrinogen. Higher threat reactivity
maintained its association with both elevated hsCRP (f = .13, p = .03) and WBC count (§ =.
21, p =.001). However, greater severity of avoidance was no longer associated with elevated
fibrinogen (B = .09, p = .17).

Secondary Analyses

In secondary analyses, we examined if extremely high levels of hsCRP or use of
immunosuppressant or steroid medications impacted our pattern of results. There were 8
people (3.4%) with levels of hsCRP greater than 10 mg/L in the current PTSD group, 4
(3.5%) in the past PTSD group, and 12 (3.3%) in the no history of PTSD group; these group
differences were not statistically significant (Chi Square = .04, p = .98). In follow-up
sensitivity analyses, excluding individuals with hsCRP levels > 10mg/L, our pattern of
significant and non-significant results remained the same for the group differences and for
the threat sensitivity and avoidance analyses. There were 3 people (1.2%) on
immunosuppressant or steroid medications in the current PTSD group, 1 (0.9%) in the past
PTSD group, and 9 (2.5%) in the no history of PTSD group; these group differences were
also not statistically significant (Chi Square = 2.13, p = .35). We also reran our analyses
excluding patients on immunosuppressant and steroid medications at the time of the study.
In these models, our pattern of significant and non-significant results remained the same,
with the exception of the association between avoidance and fibrinogen, which became
marginally non-significant (g = .12, p = .06).

Discussion

In this large cohort of VA patients with and without PTSD, we found that patients with
current PTSD had elevated levels of hsCRP and WBC. In contrast, levels of inflammation in
those with remitted PTSD were not significantly different from those with no history of
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PTSD. Greater overall severity of PTSD was also associated with elevated levels of WBC
and fibrinogen. These data support the idea that elevated inflammation may be more closely
related to current PTSD symptomatology than to the vulnerability to develop PTSD.
Although the relationship between PTSD status and inflammation was independent of our
confounders, health behaviors did appear to contribute to elevated inflammation in PTSD.
Among patients with current PTSD, exaggerated threat reactivity was associated with
elevated hs-CRP and WBC and effortful avoidance was associated with elevated fibrinogen,
independent of confounders. Health behaviors appeared to contribute to the relationship
between avoidance and fibrinogen, but not the relationship between threat reactivity and
hsCRP or WBC. Overall, our data show elevated inflammation as a feature of current, but
not remitted, PTSD and also that threat reactivity may be independently associated with
inflammatory markers within patients with PTSD.

The results of our analyses indicated elevated levels of hsCRP and WBC in individuals with
current PTSD, as well as independent associations between exaggerated threat reactivity and
the same two markers. In contrast, fibrinogen was not elevated in current PTSD, but was
higher with greater overall PTSD severity and increased avoidance. This lack of convergence
across all three markers may indicate that different aspects of inflammatory activity are
increased in association with specific aspects of PTSD. WBCs are major mediators of the
inflammatory response and an important source of circulating pro-inflammatory cytokines.
The acute phase protein CRP is secreted from the liver in response to various inflammatory
cytokines, particularly interleukin-6 (IL-6) (Du Clos, 2000). Thus, both WBC and hsCRP
may reflect circulating levels of pro-inflammatory cytokines. Fibrinogen, on the other hand,
is also an acute phase protein, but it is primarily involved in clotting and may index other
inflammatory pathways. It is imperative that future research studies identify the specific
aspects of inflammation that are upregulated in response to traumatic stress, perhaps using
gene expression assays and bioinformatics to uncover specific transcriptional profiles
underlying elevated levels of inflammatory proteins (O’Donovan et al., 2011).

Taken together with previous research linking exaggerated fear-potentiated startle—
psychophysiological responses involved in fear, anxiety, and the perception of threat— with
elevated hsCRP in PTSD (Michopoulos et al., 2015), our data indicate that threat sensitivity
might be one aspect of PTSD that is associated with inflammatory activity. Specifically, we
observed that exaggerated threat reactivity and effortful avoidance were associated with
specific aspects of inflammation in our sample with current PTSD. Exaggerated threat
sensitivity may lead to repeated and prolonged activation of biological stress responses,
which may in turn increase inflammation by activating pro-inflammatory transcription factor
signaling pathways (O’Donovan et al., 2013; O’Donovan et al., 2011). Considering pre-
clinical research data showing that inflammation increases the sensitivity of threat-
responsive brain areas, including the amygdala, our data is also consistent with the idea that
inflammation may contribute to exaggerated threat sensitivity in PTSD (Chen et al., 2013;
Engler et al., 2011; Inagaki et al., 2012). Our data also tentatively suggest that different
aspects of threat sensitivity, specifically threat reactivity and avoidance, may be associated
with different inflammatory markers.
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Several different causal models could underlie our results. For example, it is possible that
individuals who develop elevated levels of inflammation following trauma consequently
become more sensitive to threat, which in turn promotes the development of more severe
PTSD symptoms in general. It is also possible that individuals who develop higher levels of
threat sensitivity following trauma are prone to repeated and prolonged activation of the
inflammatory response, and that elevated inflammation then promotes other symptoms of
PTSD. Unfortunately, our cross-sectional study does not lend itself to addressing such
questions. Future longitudinal and experimental studies will be needed to shed light on these
causal relationships.

Limitations

The present study benefits from a large sample of VA patients, oversampled for individuals
with current and remitted PTSD. Data included multiple widely available inflammatory
markers and data on PTSD symptoms collected by trained, calibrated and supervised clinical
interviewers. However, several limitations should be considered. First, the cross-sectional
observational nature of the study precludes conclusions about causal direction in the
relationships between PTSD symptoms and inflammatory markers. It also precludes
mediation models, which would test some of our proposed models of associations among the
variables included in this study. Experimental pre-clinical and clinical studies will be
necessary to uncover causal relationships among trauma exposure, PTSD, threat sensitivity
and inflammatory activity. Second, although assays for the markers we employed in this
study have the benefit of being available in most clinical settings, we lack data on the
specific pro- and anti-inflammatory signaling pathways underlying our results. Third, we
assessed health behaviors at a single timepoint using mostly self-report measures.
Prospective studies employing objective measures of health behaviors, such as activity and
sleep monitors as well as diet logs, will be necessary to more carefully assess the
contribution of health behaviors to elevated inflammation in PTSD. Fourth, although in
secondary analyses, we found that excluding any patients on immunosuppresants or steroids
did not alter our results, we did not exclude patients with major medical conditions, which
could bias our findings. Fifth, the symptoms of PTSD and major depression overlap such
that it is impossible to fully tease apart the independent associations of depression and PTSD
with inflammation in our study. Our focus on dimensional constructs, such as threat
sensitivity, should move us away from these issues that arise when we focus on categorical
diagnoses. Finally, results are based on VA patients and may not generalize beyond this
population.

Conclusions

Our data provide some of the strongest evidence to date that elevated inflammation may be a
feature of current PTSD, and that exaggerated threat sensitivity may be a key aspect of
PTSD associated with inflammatory activity. Causal directions in these relationships remain
unknown. As increased systemic inflammation has been associated with numerous chronic
physical illnesses, reducing inflammation through behavioral or pharmacologic treatments
may improve disease risk and quality of life in patients with PTSD. Moreover, given known
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associations of inflammation with threat sensitivity, anti-inflammatory treatments may have
effects on both physical and mental health in PTSD.
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Highlights

. Current PTSD associated with elevated inflammation in Veterans Affairs
patients.

. Similar levels of inflammation in patients with remitted PTSD and no PTSD
history.

. Exaggerated threat sensitivity independently associated with elevated
inflammation.

. Data support dimensional approach to inflammation-psychiatric symptom
links.
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Figure 1. PTSD Status and Inflammation
Figure shows mean levels and standard error of the mean of log-transformed inflammatory

markers in groups with current versus remitted versus no history of posttraumatic stress
disorder (PTSD). Results indicated that individuals with current, but not remitted, PTSD had
significantly elevated levels of high sensitivity C-reactive protein (hsCRP) and white blood
cell (WBC) count than those with no history of PTSD.
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